This paper generally compares the essential features between tokamaks and stellarators, based on previous review work individually made by authors on several specific topics, such as theories, bulk plasma transport and edge divertor physics, along with some recent results. It aims at summarizing the main results and conclusions with regard to the advantages and disadvantages in these two types of magnetic fusion devices. The comparison includes basic magnetic configurations, magnetohydrodynamic (MHD) instabilities, operational limits and disruptions, neoclassical and turbulent transport, confinement scaling and isotopic effects, plasma rotation, and edge and divertor physics. Finally, a concept of quasi-symmetric stellarators is briefly referred along with a comparison of future application for fusion reactors.
Introduction
In the study of controlled nuclear fusion for producing useful amounts of energy, the most advanced candidates to realize the fusion reaction by magnetically confining thermonuclear plasmas are tokamaks and stellarators. Over the last 60 years, fusion research has been intensely performed in tokamaks in various laboratories across the world and its remarkable progress leads to an initiation of the ITER project, which is the world's largest tokamak to be designed and operated as the first fusion test reactor of burning deuteriumtritium plasmas [1] . In parallel, the fusion programme in stellarators has also made significant achievements, although less effort was made for the stellarator devices due to the technical complexity in comparison with tokamaks. The physical properties of stellarators are therefore less understood than they deserve to be. In fact, a lot of key concepts in magnetic confinement physics stemmed from stellarators [2] . The recently successful operation of the Wendelstein 7-X in Germany [3] further indicates that great strides have been taken toward the development of a fusion reactor in the stellarator as an alternative model of a power plant.
For tokamaks and stellarators, both of their concepts have innate advantages and disadvantages with regard to technical and physical aspects of a fusion device on the way to burning plasmas. In this paper, a general comparison of the magnetic configuration, magnetohydrodynamic (MHD) instabilities and operational limits, neoclassical and turbulent transport, plasma confinement, plasmas rotation and edge physics is briefly reviewed on the similarities and differences between the tokamak and stellarator plasmas.
Magnetic configurations
For a toroidal plasma confinement system, the plasmas are confined by a magnetic field. In order to have an equilibrium between the plasma pressure and the magnetic forces it is necessary to have a rotational transform of the toroidal magnetic field. Such a rotational transform may prevent the curvature drift of the guiding center of plasma particles towards the wall. As proposed by Spitzer and Mercier [4, 5] , there are three different ways to twist the magnetic field: (i) creating a poloidal field by a toroidal electric current; (ii) rotating the poloidal cross-section of stretched flux surfaces around the torus; (iii) making the magnetic axis non-planar. While tokamaks use the first approach, stellarators usually rely on the latter two methods, namely, in tokamaks the twisting is produced by a toroidal plasma current and in stellarators by external non-axisymmetric coils. These two types of configuration are depicted in Fig. 1 . This brings clear difference for the two systems. For example, tokamaks are axisymmetric and can confine all collisionless particles and have relatively good plasma confinement. But the toroidal current is normally generated by a transformer, which makes the device vulnerable to current-driven instabilities and difficult to operate in a steady state. The stellarators, on the other hand, are inherently current free, and thus, able to operate the plasma in a steady state. But more unconfined particle orbits in stellarators can lead to high neoclassical transport of energetic and thermal particles.
The geometrical parameters also differ much for tokamaks and stellarators. In tokamaks the aspect ratio R/a (R and a represent the major and minor radii, respectively) is usually in a range of 2.5e4, and the value is even smaller for spherical tokamaks. In stellarators, to avoid resonances between the field lines and harmonics of the symmetry of the configuration, the device is designed to have small rotational transforms per period, which results in much larger aspect ratios (R/ a ¼ 5e12) in the present-day stellarators [6] . As a consequence, the effective plasma volume in tokamaks is much larger than in stellarators.
The profiles of the safety factor (q) and magnetic shear (s ¼ rvq/qvr) are also very different between the two systems. Tokamaks normally operate with positive magnetic shear throughout the entire plasmas whereas in stellarators the shear is negative (except for non-planar types, which may have a zero magnetic shear). A further difference lies in the shape of the plasma cross-section. In tokamaks the plasma crosssection is toroidally symmetric, while in a three-dimensional stellarator the shape varies as a function of the toroidal angle, as illustrated in Fig. 1 .
MHD instabilities, operational limits and disruptions
In fusion plasmas, the MHD instability plays a crucial role in determining the achievable plasma parameters, advanced scenarios and operational limits. Theoretically, for various classes of MHD activities, such as sawtooth oscillations, kink instabilities, resistive and neoclassical tearing modes, the basic destabilizing forces arise from current and pressure gradients together with adverse magnetic field curvatures [7] . The beta limit and density limit are also treated as two key elements that govern the basic design and plasma performance in reactor devices. As eventual consequences of the MHD instability, the occurrence of plasma disruptions will determine the operational lifetime of machine components, especially those associated with plasma particle and energy exhaust.
In tokamaks, the existence of toroidal plasma current leads to macroscopic and microscopic effects of the MHD instability, which set constraint on the operational feasibility. Therefore, active control of MHD instabilities becomes a serious issue for reactor tokamaks. In contrast, for stellarators the avoidance of the toroidal plasma current brings great advantages. The MHD instabilities are usually absent due to no or little net plasma current. Of course, in stellarators two small plasma current components also exist [8] . One is the bootstrap current driven by pressure gradients in the banana regime at low collisionality, which is similar to tokamaks. The other is the parallel PfirscheSchluter current used to compensate the non-zero poloidal plasma current, which appears to force balance the radial pressure gradient, so that the total plasma current is divergence-free (V$J ¼ 0). But both sorts of current are substantially small to destabilize big MHD modes.
In tokamaks the neoclassical tearing mode (NTM) can be excited by the perturbation of a bootstrap current, which is proportional to the pressure gradient [7] . When a seed island forms, the local pressure gradient within the magnetic island is reduced by the transport parallel to the flux tube of field lines, which results in a reduction of the bootstrap current. In tokamaks such a negative current perturbation causes further growing of the island [7] . However, in stellarators, because the global magnetic shear is opposite to that in tokamaks, the reduction of the bootstrap current within a seed island makes the island shrink rather than grow [9e11]. Thus, the plasma Fig. 1 . Schematics of magnetically confined plasmas in (a) tokamaks; (b) stellarator configurations. In the tokamak, the rotational transform of a helical magnetic field is formed by a toroidal field generated by external coils together with a poloidal field generated by the plasma current. In the stellarator, the twisting field is produced entirely by external non-axisymmetric coils. pressure in stellarators often has a function to heal magnetic islands.
The beta limit arises from unstable MHD modes driven by plasma pressure gradients, resulting in the attainable ratio of plasma thermal pressure to magnetic field pressure (b ¼ P/(B 2 / 2m 0 )) limited by a critical value [12] . The tokamak beta limit is usually related to the ideal-MHD ballooning mode, and hence, increases with plasma current and decreases with the strength of magnetic field [13] . However, in stellarators this beta limit appears to be soft, far beyond the ideal ballooning limit. Because energetic ions show stabilizing impact on ballooning modes in stellarators, a significant fraction of the plasma pressure has been obtained there (volume-averaged <b> reaches 5%) [14] . In Large Helical Device (LHD), a distinct central beta limit has been observed in super high-density plasmas accompanied by an internal diffusion barrier, for which a very peaked pressure profile is generated and the Shafranov shift grows over half of the minor radius [15] . Although it is not entirely clear for high obtainable b value in stellarators, the effects of finite Larmor radius seem to play an important role.
In fusion plasmas, the maximum achievable density is limited basically due to the increase of impurity radiation with increasing density, which eventually leads to a collapse [16, 17] . In tokamaks, the radiative collapse may cause a rapid cooling of the outer plasma boundary and a contraction of the current profile, producing a strong MHD instability around q ¼ 2 magnetic surface and consequently a dramatic disruption, which usually follows the "Greenwald" limit scaling [18] . Another specific edge phenomenon observed in tokamaks to restrain the plasma density is multifaceted asymmetric radiation from the edge (MARFE), a zone of high radiation located on the inner side of the torus [19, 20] . The MARFE is thought to be the result of a radiation-driven thermal instability, i.e., the plasma is cooled by radiation emission and the cooling itself results in increased radiation being emitted and hence further cooled down. In stellarators, because of the absence of toroidal current, the "Greenwald" limit does not exist, but instead, the density is limited by the absorbed power along with magnetic field and plasma volume [21, 22] . As such, the stellarators often operate at a higher density than tokamaks do. In the LHD, a super-dense core plasma (>1 Â 10 21 m À3 ) has been attained [23] .
Owing to various MHD instabilities, a major disruption may happen in tokamaks followed by a complete loss of the plasma current. Disruptions pose serious problems for tokamak development as they firstly limit the range of operation in current and density, and secondly lead to large mechanical stresses and intense heat loads to the plasma facing components of reactor devices. In fact, strategies for disruption prediction and mitigation are urgently needed for ITER [1] . In contrast, stellarators do not experience terminating disruptions except for using transformers to excite toroidal current and hence tearing modes [24] . So far, the LHD has not yet suffered a dramatic disruption after 1,20,000 discharges [23] .
In fusion plasmas, the energetic particles induced mainly by injected neutrals and ions accelerated by radio-frequency-wave heating, may also drive MHD modes, such as fishbones and Alfven eigenmodes (AEs). As the fast particle pressure is proportional to the slowing-down time, which decreases with increasing plasma density, the Alfvenic modes are expected to be weaker in instellarators than in tokamaks since high density can be reached in stellarators. For toroidicity-induced shear AEs they arise in the gaps of the continuous Alfvenic spectrum [7] . The axisymmetry breaking in stellarators leads to additional gaps so that more waveparticle resonances and more types of toroidal AEs may appear in stellarators than in tokamak [25] .
Transport

Neoclassical transport
In toroidal devices, the magnetic field is inhomogeneous, i.e., stronger at the inner side of the torus than at the outer side. The curvature and gradient of the magnetic field result in extra forces and drifts that are not present in cylindrical configurations. The collisional transport related to this inhomogeneous, curved field is called neoclassical transport [26] . The theoretical groundwork for neoclassical transport has been well established in the 1970s for axisymmetric toroidal plasmas [27, 28] . For tokamaks, the neoclassical random-walk step size is usually limited by the banana width (the radial width of the guiding center orbit of a trapped particle on the outer side of the torus), and hence, the transport is always local if the width is smaller than the scale length of the local gradient. However, for stellarators, in the case of low collisionality the step size can be very large due to the influence of the helical magnetic ripple. This may break the localization of the transport [29, 30] . In tokamaks, the variation of transport diffusivity with collision frequency (n) is normally divided into three regimes: the banana regime with low n, the PfirscheSchluter regime with high n and a plateau in between [7] . For both electrons and ions, the diffusion coefficient increases with n in the banana and PfirscheSchluter regimes. In stellarators, there exist more regimes in low collisionality cases, which are scaled as n 0.5 and 1/n. Moreover, the electrons and ions are often in different regimes, and the larger diffusivity of ions than electrons often violates the ambipolarity [29, 30] . For electrons they usually lie in the 1/n regime. At low collisionality of n 0.5 and 1/n regimes, the diffusion coefficient in stellarators is much larger than in tokamaks (see Fig. 2 ) [31] . Therefore, in stellarators the neoclassical transport losses are expected to dominate at high electron temperature, which is apparently a disadvantage to be overcome for stellarators.
Turbulence and turbulent transport
The theoretical picture of turbulent transport is that the free energy, such as temperature or density gradient, drives microscale drift-type instabilities and a steady level of fluctuations, which lead to a radial transport of particles and energy. For tokamak plasmas this turbulence-induced transport is thought to be responsible for the observed anomalous transport, in particular, the electron thermal transport which is up to two orders of magnitude higher than theoretical predictions [1, 7] . For stellarators, although the neoclassical transport is much higher than in tokamak at high temperature in the plasma core, the turbulent transport also plays an important role in the cooler parts, where the n 0.5 and 1/n regimes do not work [8] .
For the collisionless instabilities with electrostatic approximation, the dispersion relation of the curvature-driven iontemperature-gradient (ITG) mode appears to be the same to both tokamaks and stellarators [32, 33] . Whereas in tokamaks the trapped-electron mode (TEM), driven by the density gradient, routinely results in outward transport flux, the TEM is stabilized in stellarators within the usual drift-wave ordering k // V Te >> u [34, 35] . Gyrokinetic simulations (e.g., EUTERPE, FULL, GENE, GS2, GKV codes [36e40]) indicate that, unlike the typical situation in tokamaks, there is no sign of rapidly growing kinetic ballooning modes at high plasma pressure <b>. It seems that stellarators benefit from their large local magnetic shear as well as the negative global magnetic shear, which tends to stabilize curvature-driven modes [41e43]. In many tokamaks the locally reversed negative shear has also been observed accompanied with improved confinement and a strong pressure gradient [44e47]. Because the strong pressure gradient may induce a large bootstrap current which is favorable to form the reversed q profile and negative magnetic shear, it in turn has a stabilizing effect on ballooning modes. For the concept of the advanced tokamak operation scenario, realization of reversed magnetic shear with a large bootstrap current has been proposed as a key approach [48] . However, on the other hand, in stellarators the zonal-flows (electric field fluctuations being symmetric on magnetic flux surface (m ¼ n ¼ 0) with finite radial wavenumbers) suffer stronger damping than tokamaks through electron collisions due to non-ambipolar neoclassical transport.
Experimentally, for investigating mechanisms of turbulent transport, the turbulence amplitudes in density, temperature, potential, magnetic fluctuations and associated transport have been measured in many fusion devices and some comparisons were also made among several tokamaks and stellarators [6] . In the TEXT tokamak and ATF stellarator, the results of edge turbulence showed an overall similarity [49] . In the TJ-IU tokamak and TJ-I stellarator, the turbulence-induced particle flux exhibited similar intermittent behavior along with non-Gaussian distribution [50] . In the scrape-off-layers of ASDEX tokamak and W7-AS stellarator, the turbulence structures of density fluctuations both propagate poloidally in the ion-diamagnetic drift direction [51] . Moreover, a concurrent increase of density fluctuation magnitudes and the electron diffusivity towards the plasma edge were observed in the TFTR tokamak and the W7-AS stellarator [52, 53] . In the bulk plasma region, reductions of the density fluctuation level with increasing plasma density were also observed in the Tore Supra tokamak and W7-AS stellarator (see Fig. 3 ), and in both devices the density fluctuations correlate with the electron thermal diffusivity [54, 55] .
Energy confinement and isotope effects
To obtain thermonuclear conditions in fusion devices, it is necessary to confine the plasma for a sufficient time. Being different from the plasma discharge duration, the energy confinement time (t E ) is defined as the plasma stored energy W divided by the absorbed heating power (P) subtracted for the variation of the plasma energy, i.e., t E ¼ W/(P À dW/dt). As one of the key fusion-relevant parameters, the value of t E has been measured in both tokamaks and stellarators. The plasma confinement behavior can be conventionally classified into four categories [7] : (i) Ohmically heated plasmas; (ii) low-mode (L-mode, where the confinement degrades with increased heating power); (iii) high mode (H-mode, where the confinement improves abruptly when sufficient power is applied) and (iv) enhanced confinement with internal transport barrier (ITB) and reversed magnetic shear. Hitherto, the physical understanding of these different confinement behaviors is still lacking. As a consequence, it is necessary to resort to empirical scaling expressions for the confinement time in various regimes. For tokamaks, the ITER 89-P scaling t E, [56] and the IPB98(y, 2) scaling t E, IPB98(y, 2) ¼ 0.145 M 0.19 I 0.93 n 0.41 B 0.2 k 0.78 R 1.39 a 0.58 P À0.69 [57] have been obtained from the L-mode and ELMy H-mode database, respectively. Here the M, I, n, B, k, R, a and P denote the atomic mass, plasma current, line-averaged density, toroidal magnetic field, plasma enlongation, major plasma radius, minor plasma adius and the total heating power, respectively. For stellarators, a common scaling for the stellarator L-mode confinement is given by the ISS95 expression t E, ISS95 ¼ 0.79 a 2.21 R 0.65 n 0.51 B 0.83 P À0.59 i 0.4 , where i is the rotational transform [58] . Considering the dependence on the plasma current and other geometrical parameters, the scaling expressions for tokamaks and stellarators are obviously different. However, if we replace plasma current in tokamak expression by the magnetic field and the safety factor q (q ¼ 2p/i), the scaling expressions in tokamaks and stellarators become comparable. Detailed discussion on this aspect has been given in Ref. [6] . A Fig. 2 . Comparison of diffusion coefficient versus collisionality between tokamaks (dotted curve) and the W7-X stellarator (solid curve) in different regimes [31] .
comparison of the ISS95 scaling with experimental data from the tokamak (ITER L-mode) database and stellarator database is depicted in Fig. 4 (a) , and most recently with the LHD data is shown in Fig. 4(b) . The results show good consistence of the parameteric dependence.
Nevertheless, for the confinement time scaling, a clear difference emerged between tokamaks and stellarators is the isotopic effect. As seen in the above t E scaling expressions, for tokamaks a positive power index on the ion mass (M ) indicates better confinement for heavier ions whereas for stellarators such an effect is much weaker, or even reverse in some cases [6, 59] . This isotope effect gives a favorable impact on the confinement properties of fusion D-T plasmas, however, it is a counter intuitive phenomenon in the view of collisional transport model. Considering that the characteristic step size of collisional transport and turbulent structures both increase with the plasma gyroradius [60, 61] , increasing the mass of the isotope would imply a deleterious effect on transport. Recent experimental results of comparative studies between tokamaks and stellarators show evidence of the increase of zonal flows from hydrogen to deuterium plasmas in tokamaks while the zonal flows are damped in stellarators, suggesting possible influence of the isotopic mass on zonal flows and hence plasma confinement [61e63]. These results are consistent with theoretical predictions [40, 64] .
Plasma rotation
In the magnetically confined system, plasma rotation means the part of the fluid velocity that lies on a flux surface. The dynamic forces to drive the plasma rotation are normally the J Â B force, externally injected neutral beam, or turbulent Reynolds stress. For tokamaks, the poloidal rotation is generally damped due to the magnetic pumping effects, which transfer the plasma kinetic energy into thermal energy, and eventually, towards the neoclassical value [65, 66] . But a toroidally rotating plasma in the axisymmetric tokamaks does not suffer the magnetic pumping effect since the neoclassical transport (and the perpendicular viscosity) is usually small. Thus, in tokamaks the toroidal rotation velocity can reach a very high value, being a significant fraction of the ion thermal velocity.
In non-axisymmetric stellarators, the neoclassical transport is much larger. The plasmas follow the drift-kinetic equation model such that the fast rotation is not possible [67] . Even for a quasi-symmetric stellarator, the plasma flow turns to be impeded as well [68] . But for the homogenous m ¼ n ¼ 0 zonal flows, they have been observed in tokamaks and in stellarators as well, although for the latter the damping effect is stronger [69] .
Edge and divertor physics
In magnetically confinement devices, the plasma is confined within closed magnetic flux surfaces and a boundary exists between plasmas and the machine-wall components. This boundary is generally called the scrape-off layer (SOL), which is determined by a solid surface (limiter) or topologically by magnetic field perturbations (divertor). Because the impurities originated from plasma-facing components (PFC) present a lot of problems, e.g., the huge radiative power loss and dilution of fuel particles, reducing impurities released from the PFC and preventing them from entering the plasma core region are crucial tasks of the edge and divertor physics [7] . With the divertor configuration, plasma particles and energy leaving the confinement region are guided to the divertor target plate by open field lines. For the poloidal divertor in tokamaks, the separatrix of the SOL is formed by additional poloidal magnetic field coils, which tear up the nested flux surfaces into single or double null divertor configuration (see Fig. 5(a)e(b) ). For stellarators, the divertor configuration is intrinsically developed on the base of special edge magnetic structures arising from the small radial field resonant with the rational surface [70] . Nevertheless, the stellarator divertor geometries may differ from each other, depending on the global magnetic shear. In the case of low-shear there exist chains of the island divertor, while in the high-shear case the divertor configuration covers many resonances which overlap and form a stochastic layer (see Fig. 5 (c)e(d)) [71, 72] . For tokamaks and stellarators, a significant difference in governing the divertor transport is the field-line pitch Q ¼ dx/dl // , which is typically Q ¼ 0.1 for tokamaks and Q ¼ 0.001 for stellarators [70] . Because of relatively large pitch angle, in tokamaks most of the heat flux across the SOL is carried by parallel heat conduction, especially for the electrons. In stellarators the small pitch makes the parallel and perpendicular transport much more comparable, even for electrons.
Experimentally, discrepancies in divertor transport have also been observed between tokamaks and stellarators. In the SOL of the ASDEX tokamak, the downstream density (n ed ) was measured versus the change of the plasma line-averaged density. With increasing plasma density, n ed varies typically in three regimes: (i) slowly rises at the beginning (sheathlimited); (ii) quickly grows at higher density (high-recycling); (iii) rapidly drops after reaching the maximum (detachment regime) [73] . However, in the W7-AS and LHD stellarators, the n ed in the divertor shows roughly a linear increase with plasma density at the separatrix [71, 74] . No sharp transition from the linear to the high-recycling regime was seen in stellarators. The above difference has been interpreted due to the difference in parallel/perpendicular transport properties between tokamaks and stellarators, in agreement with simulation results by EMC3-EIRENE modeling [75] .
At the plasma boundary, the deleterious impurities can be produced through physical sputtering by bombardment of energetic particles (ions and neutrals) onto the target. Thus, lowering energy of the projectiles is essential for reducing the physical sputtering. In this sense, a dense and cold plasma in the divertor region provides favorable environment for reducing the energy of recycling neutrals. The physical mechanisms dominating the edge impurity screening are two forces: one is the friction force between impurities and background ions, which flushes the impurities towards the divertor target (downstream). The other is the ion-temperature gradient force, which drives the impurities towards the plasma core (upstream) [70] . In tokamaks the ion-temperature gradient force is stronger, whereas for stellarators the large cross-field transport in the SOL makes the friction force dominant, and hence, is beneficial for impurity retention in the divertor. Moreover, many more X-points in stellarators can also be helpful to spread the radiation pattern non-uniformly around the entire torus.
Quasi-symmetric stellarators
For the optimization of stellarators, an important issue to be considered is to reduce the neoclassical transport. To this end, the quasi-symmetric stellarator has been proposed by several authors [76, 77] . In a quasi-symmetric field, the magnetic field should be expressible as a function of the flux surface and a single helicity angle. Within a given flux surface, a guiding center cannot distinguish what field line it is on and the rotational transform is irrational. An example of such a flux surface designed for the quasi-symmetric stellarator (ESTELL [78] ) is shown in Fig. 6 . For quasi-symmetric stellarators, there are no regimes of n 0.5 and 1/n transport, and thus, the neoclassical transport is intrinsically ambipolar. The driftkinetic equation is close to that in tokamaks so that the transport is similar to the lowest order in r* [79] . Nonetheless, one has to bear in mind that it is impossible to achieve exact quasi-symmetry, and a small violation of symmetry can sometimes results in substantially enhanced neoclassical transport [80] . More details on the discussion of a quasisymmetric stellarator device can be found in Ref. [81] . 
Future application for fusion reactors
Presently, the extrapolation from the nowadays operating fusion devices to a reactor has been conducted for both tokamak and stellarator configurations. In the direction of the tokamak, ITER (International Thermonuclear Experimental Reactor) is currently under construction in France. It is expected for ITER to generate 500 MW fusion power from 50 MW input for a period lasting a few minutes (~400 s). But it will only be a scientific demonstration. ITER won't generate electricity. That task will be left for its successor, the prototype power plant DEMO, which will generate several gigawatts of power continuously [1] . On the other hand, various studies of a Helical Advanced Stellarator (HELIAS) have been carried out by extrapolation from the W7-X design [82, 83] . With <b> ¼ 4%e5%, the resulting HELIAS reactor concepts have 3 GW of fusion power [84] , equivalent to the DEMO design.
The common problems for DEMO and HELIAS to overcome are heavy heat loads for the divertor, high-energy neutron bombardment for the plasma-facing materials and "tritium breeding blanket", confinement of a-particles with a high pressure gradient in high-Q plasmas and impact of unstable energetic particle modes on plasma performance, etc.
In comparison, the main advantages of stellarators are their steady state magnetic field and the absence of current-driven instabilities and disruptions as well as the density-limit issue, whereas for a tokamak reactor the current drive is still lacking a viable solution, as it is not yet clear which method may satisfy. In addition, the relatively large aspect-ratio of stellarators eases the requirements for the blanket design. The disadvantage of stellarators arises from the non-axisymmetric 3-D magnetic field configuration, which results in high level neoclassical transport. In the long mean-free-path regime fast ions in stellarators tend to drift radially and thus leave the confinement region. In order to reduce the neoclassical diffusion and also to well confine fast ions, the effective ripple in stellarators must be kept as small as possible. In this sense, quasi-symmetric or quasi-isodynamic stellarators are optimal choices [84] . Besides, the precision of the fabrication and assembly of coils and coil support structures also complicate the design of stellarator reactors.
Summary
In this paper, a general comparison between tokamak and stellarator plasmas was made by reviewing the similarities and differences in their magnetic configuration, MHD behaviors and operational limits, plasmas transport and confinement, plasma rotation and edge/divertor transport. In these two devices, the advantages and disadvantages are as follows: for tokamaks, the advantages include technical simplicity, much lower neoclassical transport (especially at high temperature), stronger toroidal rotations and associated flow-shear, and weaker damping on zonal flows. For stellarators, intrinsically steady-state operation, less MHD activities and nearly disruption-free are great advantages; the stochastic magnetic boundary is also beneficial for impurity retention in the divertor. Turbulence and turbulent transport are comparable in these two systems. Some drift-wave modes are more stable in stellarators. In the energy confinement scaling, an isotope effect appears in tokamaks but not in stellarators. As the number of degrees of the freedom is more for non-axisymmetric systems than axisymmetric ones [85] , the possible configurations in stellarators are much more than in tokamaks. For further optimizing stellarator configuration, the quasi-symmetric stellarator has been proposed. If the neoclassical confinement can be substantially improved, the stellarator could be more attractive for a fusion power reactor in the near future.
